The conversion of D-glucose to D-fructose by microbial enzymes was first described in cellfree extracts of Pseudomonas hydrophila by Marshall and Kooi (16) . This activity in the genus Streptomyces was initially reported by Tsumura and Sato (23) . Subsequent studies of the enzyme from this genus, involving purification, crystallization, and kinetic characterization, demonstrated that the inducible enzyme D-xylose keto isomerase (EC 5.3.1.5) converted D-xylose as well as D-glucose to their respective ketoses (21) . In addition to these carbohydrates, the isomerases found in Lactobacillus brevis (24) and in Bacillus coagulans (3) also catalyzed D-ribulose synthesis from D-ribose. The latter activity, however, was not detected in Streptomyces (21) . This soil by suspending 1 g of soil in 100 ml of sterile distilled water and plating from dilutions of the suspension on an inorganic salts-agar medium (17) containing 0.5% D-xylose as sole carbon source.
All cultures were grown in a medium (RM) containing 0.4% yeast extract, 0.3% malt extract, 0.5% NaCl, and 0.05% MgSO4.7H,O, and adjusted to pH 7.3. The cultures were incubated at 29 C on a rotary shaker at 250 rpm. Stock cultures were maintained on RM medium solidified with 1.5% agar.
For mycelium propagation, a 250-ml Erlenmeyer flask with 100 ml of RM was inoculated with spores from 2-day-old slants and incubated for 24 h. The total content of the flask was subsequently added to a 2.8-liter Fernbach flask containing 800 ml of RM supplemented with 0.5% D-xylose. After a 24-h incubation, the mycelium was harvested by filtration through Whatman no. 41 paper, washed twice with distilled water, and resuspended in 0.2 M potassium phosphate buffer (pH 7.2) at room temperature, maintaining a ratio of 2 g of mycelium (wet weight) per 5 ml of buffer.
Cobalt was not included in RM medium since it does not enhance isomerase formation. Cobalt has been reported to stimulate isomerase formation by other strains of Streptomyces (10, 21, 22) .
Enzyme preparation. Enzyme solutions were prepared according to Strandberg and Smiley (20) with the modification that the mycelial suspension was disrupted at 4 C by passage through a French pressure cell at 8,000 lb/in2. The final enzyme preparation had a specific activity for D-glucose of 1.085 Mmol/min per mg of protein, corresponding to a two-fold purification over the crude extracts. The enzyme preparation was stored at -5 C. (11) .
RESULTS
The enzymatic conversion of D-glucose to D-fructose, using cell-free extracts of Streptomyces albus NRRL 5778, functioned optimally at 70 to 80 C ( Fig. la) which is in agreement with other Streptomyces species (20) (21) (22) . Enzyme activity was optimal between pH 7 to 9 ( Fig. lb) and is in accord with previously reported values for other Streptomyces strains (20, 21) but lower than pH 9.5 reported for Streptomyces phaeochromogenes strain SK (22 Mg2+ and Co2+ of 0.3 and 0.003 mM (Fig. 3) were graphically determined (13) .
An additive effect resulted from the presence of both Mg2+ and Co2+. To learn more about the additive effect, glucose isomerizing rates were assayed either in the absence or in the presence of a fixed amount of Co2+ at different Mg2+ levels. Lineweaver-Burk treatment of the data demonstrated that although Co2+ does not alter the Km for Mg2+ it increases Vmax (Fig. 4) (Fig. 5a ). Consequently, a 24-h preincubation at 70 C did not significantly alter enzyme activity when both cations were present, even though substrate was absent (Fig. 5b) . Surprisingly, the enzyme isomerized an interesting array of substrates. As shown in Table 2 aThe activities were assayed using the same concentrations of cations and carbohydrates described in Materials and Methods.
,'The activity obtained in the presence of Mg2+ was set to 100%.
This enzyme exhibits a fairly high Km value for D-xylose (93 mM). In contrast, a relatively high affinity for D-glucose is measured (Km = 86 mM) when compared to reported values for similar enzymes (Km = 250 to 920 mM) from several microbial sources including Streptomyces (16, 20, 23, 24) . It is interesting to note that previously reported Km values of this enzyme from either Streptomyces (21, 23) or other microbial sources (3, 24) all show higher affinity for D-xylose than D-glucose. The significance of the low affinity for D-xylose is not understood since it alone induces isomerase formation and is therefore presumed to be the natural substrate.
An additional characteristic of the enzyme is that the catalytic function is strongly stimulated by Mg2+, but only partially by either Co2+ or by Mn2+. A more stable conformation appears to result from the enzyme-Mg2+ complex since it has high resistance to thermal degradation. Furthermore, the elimination of D-sorbitol inhibition (competitive) either by Mg2+ or Co2+ suggests that the conformational stabilization of the enzyme molecule no longer permits binding of the hexitol; i.e., the cations alter the substrate specificity of the enzyme. Since Co2+ increases Vmax without altering the Km for Mg2+, we conclude that these cations do not compete for a common binding site on the enzyme molecule. A similar example for isomerizing enzymes was described by Danno (20) (21) (22) . Even though Co2+ is an essential trace metal for human nutrition (18) , it is toxic at higher levels (8, 19) . The Co 2+ content of fructose syrups is about 1 mM (2) and this concentration is known to cause toxic effects in rats (12) 
